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Abstract 
Supercritical CO2 has good mobility and certain heat capacity, which can be used as an alternative of water for heat recovery 
from geothermal reservoirs, meanwhile trapping most of injected CO2 underground to achieve environmental benefits. In this 
paper, different types of geothermal resources are assessed to screen reservoirs suitable for geological storage and heat mining by 
CO2 injection, in terms of geological properties, heat characteristics, storage applicability, and development prospects, etc. Deep 
saline aquifer, geopressured reservoir and hot dry rock are selected as the potential sites, mainly due to their relatively positive 
geological conditions for CO2 circulation and storage. Reservoir simulations are conducted to analyze the storage efficiency and 
heat extracting capacity of CO2 in the promising geothermal reservoirs. A simple calculation method is presented to estimate the 
potentials of CO2 storage and heat mining in the major prospective geothermal regions of China. The preliminary assessment 
results show that the recoverable geothermal potential by CO2 injection in China is around 1.55×1021 J with hot dry rocks as the 
main contributor. The corresponding CO2 storage capacity is up to 3.53×1014 kg with the deep saline aquifers accounting for 
more than 50%. CO2 injection for geothermal production is a more attractive option than pure CO2 storage due to its higher 
economic benefits in spite of that many technological and economic issues still need to be solved in the future. 
© 2013 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Injecting CO2 into geological structures for storage has been considered as an important transition means for 
reducing carbon emissions and mitigating global warming at present when the conventional fossil fuels are still the 
major energy consumed around the world [1]. Geothermal energy as a green and renewable resource with great 
reserve is regarded as one of the most promising alternative options, which can hopefully replace large numbers of 
conventional energies if it is more efficiently exploited at a commercial scale especially for the unconventional 
geothermal systems [2]. 
In recent years, development of geothermal resources has been attracting much more attentions than before. The 
idea of utilizing CO2 as a kind of resource brings the opportunity for the combination of geothermal exploitation and 
CO2 geological storage. Brown firstly proposed the CO2 based enhanced geothermal system (CO2-EGS) in which 
supercritical CO2 is used as a working fluid to stimulate the hot dry rock and mine the geothermal energy [3]. Pruess 
et al. conducted a deeper and more extensive research on heat exchange and geochemical reactions between CO2 and 
hot dry rock [4]. Randolph et al. developed a new concept named CO2 plume geothermal system (CO2-PGS) [5]. The 
heat in deep saline aquifers with high temperature can also be produced by CO2 injection and circulation for power 
generation. Moreover, a demonstration project of CO2 EGS located in New Mexico of United States is under 
consideration to assess the technical and economic feasibility of CO2-EGS technology and verify the CO2 storage 
capacity in hot dry rocks [6]. All of these studies have indicated that the heat transmission performance of 
supercritical CO2 in reservoirs is more excellent than water mainly due to its good mobility and certain heat capacity. 
Geothermal reservoirs can also provide a pore space for CO2 storage. Therefore, injecting CO2 into geothermal 
reservoirs for heat extraction or hot water displacement while trapping most of the injected CO2 underground, will 
achieve a double wins in the economic and environmental aspects of CO2 utilization. 
Currently China’s energy industry has accumulated a certain amount of theoretical and field experiences in the 
technology of CO2 capture, utilization and geological storage (CCUS) [7]. As geothermal development was proposed 
as one of key research contents listed on the national “Twelfth Five-Year Plan”, the technology of power generation 
using geothermal resources began to recover in China. The rich geothermal energy buried in hot dry rocks 
distributed widely in China is urgently waiting for development. Under the pressure from energy constraints and 
emission reduction, it is meaningful for China to carry out the related studies to demonstrate the feasibility of 
injecting CO2 into geothermal reservoirs for enhanced geothermal recovery and to evaluate the recoverable heat 
potential and CO2 storage capacity in geothermal reservoirs of China. 
In this paper, different types of geothermal reservoirs are assessed and screened preliminarily for the suitability of 
geological storage and heat recovery by CO2 injection. Storage efficiency and heat extracting capacity of CO2 in 
geothermal reservoirs are analyzed using numerical simulation. Then the CO2 storage capacity and recoverable heat 
potential in prospective geothermal regions in China are estimated based on a simple calculation method, which is 
established by referring to general assessment methods for CO2 storage capacity and geothermal reserve in saline 
aquifers. 
2. Geothermal reservoirs suitable for geological storage and heat mining by CO2 injection 
Generally, geothermal resources can broadly be classified into five types in terms of geological properties and 
heat characteristics, including vapor-dominated reservoirs, water-dominated reservoirs, geopressured geothermal 
reservoirs (GGR), hot dry rocks (HDR), and magma systems [8]. In recent years, the hot water at supercritical state 
encountered in the deepest parts of some exploited geothermal reservoirs has become an important research object in 
various countries because of its high temperature and some unique properties. Hot dry rock and magma are hot-rock 
geothermal systems. Their geothermal energies are stored in high temperature dry rocks or molten magmas which 
contain little or no water. The geopressured systems are pressurized deep reservoirs that contain hot water and 
dissolved methane. Because the amount of dissolved natural gas in these types of reservoirs is small, the extraction 
may be not economically feasible. Therefore, a coupling with geothermal energy exploitation could be an interesting 
solution. The deep saline aquifers (DSA), usually mentioned for CO2 storage, could also be regarded as a valuable 
geothermal resource if characterized by medium-high geothermal gradient.  
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The main features of different geothermal systems are summarized in Table 1, including geological properties, 
heat characteristics, CO2 storage applicability, and development prospects, etc. The geothermal reservoirs suitable 
for CO2 injection should have positive geological conditions for CO2 circulation and storage in a safe way. After a 
preliminary assessment, deep saline aquifer, geopressured reservoir and hot dry rock are selected as the potential 
sites for further discussion. For the water-convection geothermal systems, their reservoirs usually have good porosity 
and permeability as well as impermeable cap rocks which can maintain a high reservoir pressure and retain the 
accumulated heat. However, the presence of recharge area and faults or fractures connecting to the surface as the 
major water supply channels and circulation pathways of hot water or steam is likely to cause the leakage of injected 
CO2. These geothermal systems lack the required basic geological conditions for the long-term storage of CO2. 
Table 1. Summary of main features of different geothermal systems 
Geothermal type Vapor-dominated  Water-dominated  Deep saline aquifer Geopressured reservoir Hot dry rock Magma system 
Temperature, oC 220-350 100-350 30-150 90-200 90-650 >600 
Buried depth, m 100-4500 100-4500 800-3000 2000-6000 2000-6000 6000-10000 
Pressure 
 lower than hydrostatic 
pressure 
little lower than 
hydrostatic pressure 
hydrostatic pressure 
generally 
abnormal high 
pressure  
hydrostatic pressure 
generally high pressure 
Reservoir properties 
volcanic rock with 
good porosity and 
permeability 
volcanic rock with 
good porosity and 
permeability 
sedimentary rock with 
low or high porosity 
and permeability  
sedimentary rock with 
low or high porosity 
and permeability 
metamorphic or 
crystalline rock with 
very low porosity 
and permeability 
magma at a molten or 
half molten state 
Geological structure 
existing faults or 
fractures connecting to 
surface 
existing faults or 
fractures connecting to 
surface 
monocline, anticline 
or lithologic trap etc 
lithologic trap with 
good combination of 
cap and reservoir 
overlying insulation 
layer on reservoir 
distributed near 
modern volcanic 
fields 
Heat carrier convective steam convective hot water hot water 
hot water with 
dissolved methane 
hot rock with little 
or no water molten magma 
Heat source deep magma bodies deep magma bodies  high heat fluxes 
unusual high heat 
fluxes 
deep magma bodies 
or unusual high heat 
fluxes 
magma bodies and 
melts 
Water source 
mostly meteoric water 
with weak 
groundwater 
mostly meteoric water 
connate water or 
meteoric water 
connate water 
injected water as 
heat transmission 
fluid 
- 
Water salinity 1000-300000 ppm. 1000-300000 ppm 1000-300000 ppm 1000-300000 ppm - - 
CO2 storage 
applicability 
high leakage risks high leakage risks 
suitable for CO2 
storage 
need further 
demonstration 
need further 
assessment 
no geological 
conditions for CO2 
storage 
CO2 used potential - - 
as displacement fluid 
or heat transmission 
fluid 
as displacement fluid 
or heat transmission 
fluid 
as heat transmission 
fluid - 
Geothermal utilization 
way 
power generation and 
space heating 
power generation 
and space heating  
power generation and 
space heating  
power generation, 
hydraulic energy, and 
natural gas 
power generation 
and space heating  
power generation and 
space heating 
Development prospect limited distribution 
more diffused than 
vapor- dominated 
systems  
wide distribution  
promising but 
 limited distribution  
very promising and 
huge reserves hard exploitation 
Geopressured geothermal reservoirs are usually lithological traps with good seals and reservoir properties. The 
overlying mud and shale rocks are good cap and heat insulation layers which can protect the formation fluids from 
leakage, and restrict the geothermal losses to the surface [9]. The abnormal high pressure and deep burial depth may 
decrease the attraction of geopressured system for CO2 injection, but geopressured system has good geological 
conditions for CO2 circulation and storage as same as deep saline aquifers, of which the suitability for CO2 
geological storage has been demonstrated widely. Due to the large amount of original formation water in pores, CO2 
can also be used as a displacement fluid for hot water production with the exception of it as a heat transmission fluid.  
Hot dry rocks have a larger geothermal reserve and distribution area than other high temperature geothermal 
reservoirs. It is convenient for the site selection of geothermal power plants. But due to the very low reservoir 
permeability and the little in-situ native water, hot dry rocks need to be stimulated by hydraulic fracturing to set up 
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an effective connectivity between injection and production wells. Then additional working fluid is injected and 
circulated in the artificial channels to extract the heat from ambient rocks and take it to the surface. These geological 
conditions are beneficial to select supercritical CO2 instead of water as the major or only one heat transmission fluid. 
A favorable thermosyphon phenomenon induced by the temperature difference of working fluids in injection and 
production wells can be achieved to increase the heat transfer rate, and the scaling problem in tubes may be 
eliminated because of few minerals dissolved in supercritical CO2. The loss of CO2 flowing or diffusing into wall 
rocks will be restricted due to mineral precipitation in the micro-pores of the reservoir boundary when the pore water 
is slowly flushed by supercritical CO2 for a long time. The escaped CO2 may also be trapped by the upper low-
permeability layers. However, the trapping mechanisms and storage safety of CO2 in hot dry rocks need more 
extensive and deeper research. 
3. Storage efficiency and heat extracting capacity of CO2 in geothermal reservoirs  
3.1. Simulation models 
A reservoir simulation study has been conducted for a preliminary assessment of storage efficiency and heat 
extracting capacity of CO2 in different promising geothermal reservoirs. The simulator CMG STARS was adopted 
[10], which has excellent performance on calculating heat exchange between fluids and rocks, and often is used to 
simulate thermal recovery processes in oilfields. In order to facilitate the comparison of the exploitation of different 
geothermal resources, three conceptual geological models respectively standing for deep saline aquifer, 
geopressured reservoir and hot dry rock were built with similar parameters except for the P-T conditions, pore 
structures and fluid properties which indicate the main features of different geothermal reservoirs (Figure 1). The 
hot dry rock model considers a double pore structure composed of matrix and induced fractures. Fractures are only 
distributed evenly in the model due to the simulator limitation. They provide the main flow space for the heat 
transmission fluids. Geopressured reservoir and deep saline aquifer are single pore structure. A common five-spot 
well pattern was used in all models, but only one quarter of a well group with confined boundary was selected for 
the simulation due to the symmetry of the well pattern. The volume of the geothermal reservoir is 
500m×500m×200m. It was discretized by uniform grid with a block number of 50×50×20 and a block size of 
10m×10m×10m. The burial depth of the geothermal reservoir is 3000 m. A typical reservoir temperature of 100 oC 
and pressure of 30 MPa were defined for saline aquifer model as well as that the hot dry rock model has a higher 
reservoir temperature of 200 oC, and the geopressured reservoir model has a higher pressure and temperature of 60 
MPa and 150 oC respectively. Moreover, the solubility of methane in formation water was considered in the 
geopressured reservoir model and a common level of 5.5 m3 CH4/m3 H2O was assumed. The injection and 
production wells were located diagonally, and all the layers were perforated with a driving pressure difference of 2 
MPa between the two wells in the reservoir. Mutual solubility of CO2 and water during flooding was also considered 
in the models and calculated using Duan’s model and Spycher’s model [11,12]. Considering that both CO2 and water 
can be used as heat transmission fluids, six scenarios were designed and simulated for discussion. The parameter 
settings for different simulation cases are shown in Table 2. 
3.2. Results and discussion 
The simulation results are presented in Figure 2 and Table 3. Using CO2 as heat transmission fluid can achieve a 
higher heat mining rate than H2O. Under the same bottom-hole pressure (BHP) difference between injection and 
production wells, the flowing resistance of two phases of gas and water in the reservoir before CO2 breakthrough in 
production well is greater than that when water is the single flowing phase. This results in the heat mining rate of 
CO2 lower than that of H2O in the early injection period. But as supercritical CO2 flowing prevails in the geothermal 
reservoir especially after CO2 breakthrough in the production well, heat mining rate of CO2 will increase rapidly, 
and the advantage of excellent heat extracting capacity of CO2 starts to take effect. For the fractured hot dry rock, 
the amount of pore water is small. When CO2 is the working fluid, most of the formation water will be displaced out 
by the injected CO2. After a short production time, the heat mining rate of CO2 in the HDR system increases quickly 
and maintains at a high level, exceeding the H2O case (Case 1>Case 2). But for the saline aquifer and geopressured 
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reservoir, the time before CO2 breakthrough in production well is much longer than in the HDR reservoir as a result 
of their larger porosities. It causes the delay of the heat mining rate increase of CO2. If HDR, DSA and GGR 
systems have same P-T conditions, the CO2-DSA and CO2-GGR systems can achieve a larger mining rate than CO2-
HDR system. This is true, because deep saline aquifer and geopressured geothermal reservoir have a larger 
contacting surface between the flowing CO2 and hot rocks, which is favorable for heat exchange. 
 
Fig. 1. Five-spot well pattern with computational grid for modeling a 1/4 symmetry domain 
Table 2. Parameter settings for the different simulation cases 
Case 1(CO2-HDR) 2(H2O-HDR) 3(CO2-DSA) 4(H2O-DSA) 5(CO2-GGR) 6(H2O-GGR) 
Geothermal type Hot dry rock Hot dry rock 
Deep saline 
aquifer 
Deep saline 
aquifer 
Geopressured 
reservoir 
Geopressured 
reservoir 
Working fluid CO2 H2O CO2 H2O CO2 H2O 
Permeability, md 25 for fractures & 0 for matrix a 25 25 
Porosity, % 2 for fractures & 0 for matrix a 20 20 
Dissolved CH4ˈsm3/m3 0 0 5.5 
Salinity, ppm 10000 50000 50000 
Temperature, oC 200 100 150 
Pressure, MPa 30 30 60 
CO2 solubility in water phase, %mol b 3.07 1.94 2.85 
H2O solubility in gas phase, %mol b 12.50 2.68 6.44 
CO2 heat capacity, kJ/kg-oC b 1.51 2.07 1.67 
H2O heat capacity, kJ/kg-oC b 4.35 4.15 4.16 
The following parameters are same for the 6 cases 
Buried depth, m 3000 CO2 thermal conductivity, W/m-oC 0.048 
Reservoir volumeˈm3 500×500×200 H2O thermal conductivity, W/m-oC 0.70 
Original formation liquid H2O Well configuration located diagonally 
Irreducible water saturation, % 25 Perforated interval all layers 
Max residual gas saturation, % 25 Injection temperature, oC 20 
Rock density, kg/m3 2650 Injector bottom-hole pressure, MPa 31 for HDR&DSA/61 for GGR 
Rock heat capacity, J/kg-oC 1000 Producer bottom-hole pressure, MPa 29 for HDR&DSA/31 for GGR  
Rock thermal conductivity, W/m-oC 2.1 Injection time, year 40 
Note: a. a double pore structure is considered in the HDR model with a fracture spacing of 50 m; b. mutual CO2 and water solubility, water heat 
capacity and CO2 heat capacity are just given at the initial reservoir conditions, these parameters will change according to P & T and composition 
during simulation, other thermodynamic parameters of rock and fluids are assumed constant. 
CO2-HDR system has the largest cumulative mined heat followed by GGR and DSA systems (Case 1>Case 2> 
Case 5> Case 6> Case 3> Case 4). If the production time increases, the cumulative mined heats of DSA and GGR 
systems using CO2 as working fluid will be obviously much more than that when water is the working fluid (Case 
3>Case 4, Case 5>Case 6). The excellent heat extracting capacity of CO2 could play an important role in the middle 
and late period of geothermal exploitation. In addition, for the GGR system, there are about 35-40 million sm3 of 
methane recovered along with the production of native water and this can largely improve the economy of heat 
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mining in the geothermal reservoir. It can be observed that opposite to the variation trend of cumulative mined heat, 
the average reservoir temperature of CO2-HDR system decreases faster than any other cases with a maximum 
decline of 53.05 oC which is equal to an annual temperature drop of 1.33 oC. However, under the assumptions in this 
study, the bottom-hole temperature (BHT) in the production well can always be at the original level during the 40-
year development in all the geothermal systems. 
For the CO2 geological storage, the DSA and GGR systems have larger potentials than the HDR system mainly 
because of their higher reservoir porosities (Case 3 and Case 5). It is clear that an artificially created HDR reservoir 
will not provide much CO2 storage potential. But for the pore utilization, considering the conversion of the CO2 
dissolved in formation water to equal amount of free supercritical CO2, HDR system has the biggest pore volume 
fraction used for storage and could be more than 90%, while in the other two systems, the utilization coefficient of 
pore space is about 65%-75%. The geothermal recovery by CO2 injection in these systems ranges from 11.45%-
29.47% and the CO2 storage efficiency is of 2.00%-40.47%.  
 
 
  
Fig. 2. Simulation results of CO2 injection for heat mining and geological storage 
 Liang Zhang et al. /  Energy Procedia  63 ( 2014 )  7651 – 7662 7657
Table 3. Statistics of simulation results of CO2 injection for heat mining and geological storage (after 40 years) 
Case 1(CO2-HDR) 2(H2O-HDR) 3(CO2-DSA) 4(H2O- DSA) 5(CO2-GGR) 6(H2O- GGR) 
Total mined heat, kJ 9.88E+12 4.63E+12 1.66E+12 1.64E+12 3.86E+12 3.13E+12 
Average reservoir temp., oC 146.95  176.82 90.84 92.11 127.96 134.51 
Producer bottomhole temp., oC 200 200 100 100 150 150 
Reservoir temp. drop, oC/yr 1.33 0.58 0.23  0.20 0.55 0.39 
Average heat mining rate, MW 6.48 3.91 1.33  1.37 3.05 2.62 
Geothermal recovery, % 29.47 12.88 11.45  9.86 16.96 11.92 
Net CO2 storage amount, kg 8.67E+08 -- 5.08E+09 -- 5.94E+09 -- 
Pore utilization for storage, % 93.19 -- 65.43 -- 75.71 -- 
CO2 storage efficiency, % 2.00 -- 40.47 -- 29.81  -- 
It should be pointed out that in this study, the heat extracting rate was computed referring to the bottom-hole 
injection and production temperatures. When calculating the surface heat extracting rate of the working fluid, the 
wellbore flow cannot be neglected. The effects of wellbore flow on actual energy recovery in different geothermal 
systems need more detailed future studies. 
4. Calculation methods for CO2 storage capacity and recoverable geothermal potential 
With reference to geothermal reservoir properties and the simulation results, a simple calculation method for CO2 
storage capacity and heat mining potential in geothermal reservoirs is established by referring to the general 
assessment methods for CO2 storage capacity and geothermal reserve in saline aquifers [13,14]. The specific equations 
are as follows: 
For the CO2 storage capacity, 
MHDR=MDSA=MGGR=mnADΦρCO2upor                                                                                                                  (1) 
For the hot dry rocks, the loss of CO2 flowing or diffusing into surrounding formations cannot be a safe storage 
form unless it is trapped by the upper low-permeability layers, but additional CO2 should be injected continuously to 
compensate the loss during heat mining. The amount of CO2 loss can be estimated simply by the following equation, 
LHDR= mnADRlossρCO2tinj                                                                                                                                       (2) 
For the recoverable geothermal potential, 
QHDR=mnADρrCr(Tr-Tref)Rheat                                                                                                                                 (3) 
QDSA=mnAD[(1-Φ)ρrCr+ΦρwCw](Tr-Tref)Rheat                                                                                                       (4) 
QGGR=mnAD[(1-Φ)ρrCr+ΦρwCw](Tr-Tref)Rheat+mnADΦuporSCH4HCH4                                                                  (5) 
where MHDR, MDSA, MGGR are the CO2 storage capacities in hot dry rock, deep saline aquifer, and geopressured 
reservoir respectively, 106 kg; LHDR is the amount of CO2 loss to surrounding formations in hot dry rock, 106 kg; 
QHDR, QDSA, QGGR are the recoverable geothermal potentials in hot dry rock, deep saline aquifer, and geopressured 
reservoir respectively, 106 kJ; A is the covering area of geothermal reservoir, km2; D is the thickness of geothermal 
reservoir, m; Φ is the porosity of geothermal reservoir, fraction, 2% is assumed for hot dry rock; ρr, ρw, ρCO2 are the 
rock, formation water and CO2 densities respectively, kg/m3; Cr, Cw are the heat capacities of rock and formation 
water respectively, kJ/kg-oC; Tr is the average temperature of geothermal reservoir, oC; Tref is the reference 
temperature, 20 oC is assumed; Rheat is the geothermal recovery coefficient, fraction; upor is the utilization coefficient 
of pore space for CO2 storage including the conversion part of dissolved CO2, fraction, 90% is assumed for CO2-
HDR system, and 50%-70% for CO2-DSA and CO2-GGR systems; Rloss is the loss coefficient of CO2 flowing or 
diffusing into surrounding rocks, equal to CO2 loss rate in unit volume of hot dry rock, m3/m3-yr; tinj is the CO2 
injection time, year; SCH4 is the solubility of methane in formation water, kg/m3; HCH4 is the calorific value of 
methane, kJ/kg; m is the ratio of effective covering area to total covering area of geothermal reservoir, fraction, 0.5-
1.0 is assumed for single reservoir while 0.01 is assumed for basin level; n is the ratio of effective thickness to total 
thickness of geothermal reservoir, fraction, 0.5-1.0 is assumed for single reservoir and 0.075-0.1 is assumed for 
basin level. 
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The study of Sanyal and Butler found that the Rheat in H2O-HDR system is between 2.5%-90% with a typical 
value of about 45% [15]. Very high recovery coefficient could only be achieved with uneconomic flow rates or other 
conditions that resulted in a short reservoir life, so smaller values from 2% to 40% were proposed for the calculation 
of recoverable geothermal energy in the MIT report [16]. For the Rheat in the heat mining systems by CO2 injection, a 
conservative value of 25% is adopted for CO2-EGS system while an average value of 13% is assumed for CO2-DSA 
and CO2-GGR systems according to the simulation results of this study. The H2O loss rates into surrounding rocks 
calculated in term of present field experiences in H2O-HDR operations are shown in Table 4. They are in the range 
of 0-3.25×10-3 m3/m3-yr with an average of 8.03×10-4 m3/m3-yr. In this study, the CO2 loss rate in CO2-HDR system 
is assumed as the same as H2O-HDR system due to lack of field data, although the CO2 loss rate may decrease 
because of the mineral precipitation in the micro-pores of reservoir boundary. 
Table 4. Loss rates of H2O into surrounding rocks in H2O-HDR field operations  
Field operation Fractured volume, km3 Tpro, oC Qpro, l/s Water loss, % H2O loss rate, m3/m3-yr 
American, Fenton Hill(1972-1996)      
Shallow reservoir (2.8km): testing 282 days 0.1 155 5.5 10 1.93×10-4 
Deep reservoir (4.2km): testing 112 days 1 183 5.7 16 3.42×10-5 
UKˈRosemanowes (1978-1991)      
Shallow reservoir (2.2km): testing 200 days 1 70 16 21 1.34×10-4 
JapanˈHijiori (1985-2002)      
Shallow reservoir (1.8 km): testing 3 months 0.1 165 12.8 23 1.21×10-3 
Deep reservoir (2.2 km): testing 10 months 0.1 180 5.8 64 3.25×10-3 
FranceˈSoultz (1987-present)      
Shallow reservoir (2.9-3.5 km): testing 4 
months 3 135 25 0 0 
5. Storage capacity and heat mining potential of CO2 in geothermal reservoirs of China 
China has rich geothermal resources, including high-temperature geothermal belt located in the southwest, 
shallow moderate-low temperature geothermal belts near the east coast, sedimentary geothermal reservoirs 
distributed in large basins, and hot dry rocks at depths of 3-10 km spreading widely in China (Figure 3 and Figure4) 
[17,18]. 
 
Fig. 3. Distribution of geothermal resources in China (except hot dry rocks) 
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Fig. 4. Prospective regions of hot dry rocks in China (geothermal temperatures at depth of 7 km) 
5.1. Deep saline aquifers 
Deep saline aquifers with moderate-to-low temperature are widely distributed in the major tectonic basins of 
China. Combing with the previous understanding to geothermal resources in China, the prospective deep saline 
aquifers at basin scale are screened and listed in Table 5. These aquifers are buried at depths of about 800-3000 m 
with temperature of 25-90 oC and pressure of 11-19 MPa. The theoretical geothermal reserve of these deep saline 
aquifers is 2.52×1022 J. The recoverable geothermal potential by CO2 injection is 3.28 × 1019 J, and the 
corresponding CO2 storage capacity is 1.80 × 1014 kg. 
Table 5. Heat mining potential and CO2 storage capacity in deep saline aquifers in China 
Basin A, 104 km2 n*D, m Depth, m T, oC P, MPa Φ MDSA, 106 kg QDSA, 106 kJ 
Songliao 9 200 800-2000 30-50 14 0.25 2.29E+07 1.42E+09 
North Huabei 1 9 400 800-2000 30-70 14 0.25 3.94E+07 4.26E+09 
North Huabei 2 1.8 200 800-3000 50-90 19 0.25 3.78E+06 7.10E+08 
South Huabei  6.8 400 800-1300 30-40 11 0.25 2.98E+07 2.14E+09 
Subei 3.2 400 800-1600 34-57 12 0.23 1.22E+07 1.30E+09 
Erdos 16 200 800-1500 27-39 12 0.15 1.63E+07 2.28E+09 
Sichuan 13.6 420 800-2400 25-69 16 0.08 1.62E+07 5.56E+09 
Jianghan 4.5 400 1000-1600 55 13 0.19 9.03E+06 2.41E+09 
Qaidam 3 500 800-3000 65 19 0.18 8.61E+06 2.57E+09 
Junggar 4 200 800-3000 50-75 19 0.16 4.18E+06 1.29E+09 
Tarim 12 400 800-3000 58-81 19 0.12 1.74E+07 8.84E+09 
Total       1.80E+08 3.28E+10 
Note: m=0.01, ρr=2650 kg/m3, ρw=1000 kg/m3, ρCO2=528-726 kg/m3, Cr=1 kJ/kg-oC, Cw=4.18 kJ/kg-oC, Tref=20 oC, Rheat=0.13, upor=0.5-0.7. 
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5.2. Geopressured geothermal reservoirs 
During the oil and gas exploration in China, several abnormal high pressure formations were found in Yinggehai 
basin in the north of South China Sea, Jiyang and Bozhong depressions in Bohai Gulf basin, and Qaidam basin in 
the northwest of China. They are potential regions for geopressured geothermal resources, of which Yinggehai basin 
is the most typical and promising. The formation deposition rate of the basin is about 300-600 m/Ma, larger than 
that of the famous geopressured geothermal region in Mexico Gulf basin (250-476 m/Ma). The drilling data 
indicated that the burial depth of the formation with abnormal high pressure is between 2500-6000 m. The 
temperature gradient of Yinggehai basin is 4.0-4.47 oC/100m, and the temperature at depth of 5026 m is up to 241 
oC. The preliminary assessment results show that the theoretical geothermal reserve in these geopressured 
formations is 1.54×1023 J. The recoverable geothermal potential by CO2 injection is 2.74×1019 J, and the CO2 
storage capacity is 4.23 × 1013 kg (Table 6). 
Table 6. Heat mining potential and CO2 storage capacity in geopressured geothermal formations in China 
Basin A, 104 km2 D, m Depth, m T, oC P, MPa Φ SCH4, kg/m3 MGGR, 106 kg QGGR, 106 kJ 
Yinggehai 4.44 3500 2500-6000 120-280 60-100 0.15-0.25 3.5 2.06E+07 1.22E+10 
Jiyang 
depression 2.60 3000 >2300 100-200 30-70 0.20-0.30 3.5 9.42E+06 6.39E+09 
Bozhong 
depression 0.86 3400 >2000 100-200 30-70 0.20-0.30 3.5 3.53E+06 2.39E+09 
Qaidam 4 2000 4000-6000 148-186 50-80 0.12-0.30 3.5 8.76E+06 6.48E+09 
Total        4.23E+07 2.74E+10 
Note: m=0.01, n=0.1, ρr=2650 kg/m3, ρw=1000 kg/m3, ρCO2=690-945 kg/m3, Cr=1 kJ/kg-oC, Cw=4.18 kJ/kg-oC, Tref=20 oC, Rheat=0.13, upor=0.7, 
HCH4=50000 kJ/kg. 
5.3. Hot dry rocks 
The promising hot dry rocks for future development and utilization are usually located in the plate tectonic belts 
and tectonic active regions where high heat flows are present. According to the regional geological background of 
China, the southwestern Qinhai-Tibet and Sichuan-Yunnan regions, the central Erdos and Bohai-Huabei regions, the 
southeast coast, and the northeast regions have a large number of igneous bodies which possess the regional tectonic 
conditions for the forming of hot dry rock resources (Figure 4, areas of temperature more than 150 oC). Previous 
assessment showed that the geothermal energy of hot dry rocks at depths between 2-4 km in the major high heat 
flow area of China is 1.52 × 1024 J (total covering area is 190 × 104 km2). This is equivalent to 51.6 trillion tons of 
standard coal [24]. The total geothermal reserve of hot dry rocks buried at depths of 3-10 km is 2.5 × 1025 J which is 
2.6 × 105 times the China’s current annual energy consumption. 
The rough heat mining potential and CO2 storage capacity in hot dry rocks of China is assessed based on the 
accessible data. The theoretical geothermal reserve (calculated assuming m=n=Rheat=1) in the major hot dry rock 
regions of China at depths of 3-7 km is 5.98 × 1024 J which is different from the results of Yin and Wang because of 
different assessment methods and referenced data used. The recoverable geothermal potential by CO2 injection is 
1.49 × 1021 J. The total amount of injected CO2 is 3.64 × 1014 kg, of which only 36% is stored in the pore space and 
most will be lost by migrating into other formations (Table 7). 
5.4. Prospect analysis 
To sum up, the total theoretical geothermal reserve in the promising regions of China is 6.16 × 1024 J (HDR-
97.09%, DSA-0.41% and GGR-2.50%). The total recoverable geothermal potential by CO2 injection is 1.55× 1021 J 
(HDR-96.12%, DSA-2.12% and GGR-1.77%), and the total CO2 storage capacity is 3.53×1014 kg (HDR-37.11%, 
DSA-50.99% and GGR-11.98%). According to the assessment results, hot dry rock is the largest contributor to the 
total geothermal reserve of China which accounts for more than 90%, while the contribution of deep saline aquifers 
to CO2 storage capacity takes more than 50%. This indicates that although hot dry rock is considered the most 
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prospective geothermal resource, the deep saline aquifers can provide a larger storage capacity of CO2. However, 
the feasibility of heat exploitation in hot dry rocks at a commercial scale needs further verification as related 
technological advancement. At present technological and economic levels, it is more feasible to conduct CO2 
storage associated with heat mining in sedimentary geothermal reservoirs. Most of geothermal reservoirs in 
sedimentary formations are of moderate-to-low temperature, but they are distributed widely and it is easier to find 
safe geological conditions for CO2 storage. Utilizing the recovered heats to supplement the costs of CO2 capture and 
storage will improve the economy of CCS projects.  
Table 7. Heat mining potential and CO2 storage capacity in hot dry rocks in China 
Region A, 104 km2 D, m Depth, m T, oC P, MPa QHDR, 106 kJ MHDR, 106 kg LHDR, 106 kg Total CO2,106 kg 
Qinhai-Tibet 93 4000 3000-7000 150-350 50 5.65E+11 3.34E+07 5.93E+07 9.27E+07 
Sichuan-Yunnan 42 4000 3000-7000 150-200 50 1.71E+11 1.80E+07 3.21E+07 5.01E+07 
Bohai-Huabei 32 4000 3000-7000 150-200 50 1.33E+11 1.40E+07 2.50E+07 3.90E+07 
Southeast coast 72 4000 3000-7000 150-200 50 2.95E+11 3.10E+07 5.51E+07 8.61E+07 
Erdos 33 4000 3000-7000 150-200 50 1.37E+11 1.44E+07 2.56E+07 4.00E+07 
Northeast 47 4000 3000-7000 150-200 50 1.92E+11 2.02E+07 3.59E+07 5.62E+07 
Total      1.49E+12 1.31E+08 2.33E+08 3.64E+08 
Note: m=0.01, n=0.1, ρr=2650 kg/m3, ρCO2=500-600 kg/m3, Cr=1 kJ/kg-oC, Tref=20 oC, Φ=0.02, Rheat=0.25ˈRloss=8.03×10-4 m3/m3-yr, tinj=40 yr, 
upor=0.9. 
6. Conclusions 
Hot dry rock, deep saline aquifer and geopressured geothermal reservoir have the potential of CO2 injection for 
heat mining and geological storage. A large geothermal recovery can be achieved in CO2-HDR system while the 
artificially created HDR reservoir will not provide much CO2 storage capacity. Deep saline aquifer and geopressured 
geothermal reservoir have a larger contacting surface between the flowing CO2 and the hot rocks which is favorable 
for heat exchange, but it will take a long time for water production before CO2 demonstrates its excellent heat 
extracting capacity. The CO2 trapping mechanisms and storage safety in geothermal reservoirs need detailed studies 
and extensive demonstrations especially for the hot dry rocks in which CO2 may get out of control and migrate into 
surrounding formations.  
The presented calculation methods can be used for the preliminary assessment of recoverable geothermal 
potential and CO2 storage capacity in prospective geothermal reservoirs or regions. The coefficients of upor, Rloss and 
Rheat are important parameters which have significant influences on assessment results. CO2 loss to surrounding 
formations in hot dry rocks cannot be a safe storage form unless it is trapped by the upper low-permeability layers. 
The selection of hot dry rocks with suitable geological conditions for CO2 storage and the loss coefficient Rloss of 
CO2 in hot dry rocks deserve further discussion.  
Based on the available data of China’s geothermal reservoirs, the rough potential assessment results show that the 
total theoretical geothermal reserve in the major prospective regions of China is 6.16 × 1024 J with a recoverable 
potential of 1.55× 1021 J by CO2 injection, in which hot dry rock is the largest contributor with a percentage of more 
than 90%. The amount of CO2 which can be stored in geothermal reservoirs is 3.53× 1014 kg with deep saline 
aquifers accounting for more than 50%. CO2 injection for geothermal production is a more attractive option than 
pure CO2 storage, which has a higher economy in spite of that many technological and economic issues still need to 
be solved in the future. 
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